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1. Introduction 
The absence of a strong preference for the confor- 
mation about the glycosidic bond between icotin- 
amide and the C-1 of the ribose in NMN** which may 
be very likely extended to NAD ÷ [1] (fig. 1), raises 
the question of the relative orientation of the two 
rings in the complexes with the dehydrogenases. The 
introduction of a methyl group at C-2 or C-6 of the 
nicotinamide favours trongly the conformation 
where the methyl group is syn to the hydrogen on 
C-1 of the ribose. The behaviour of the two analogues: 
2-Me NAD ÷ and 6-Me NAD ÷ with the horse liver al- 
cohol dehydrogenase and the dogfish lactate dehydro- 
genase, is in accord with the proposal that the NAD + 
is in the conformation where C-2 of the nicotinamide 
and the H of C- 1 of the ribose are syn in the com- 
plexes with the two enzymes; in other words the con- 
formation of this glycosidic bond is anti according to 
the general rule [2]. 
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Fig. 1. 
* Laboratory associated tothe CNRS. 
** Abbreviations: NAD+: nicotinamide adenine dinucleotide; 
NMN: nicotinamide mononucleotide; 2-Me NAD÷: 2- 
methyl nieotinamide adenine dinucleotide; 6-Me NAD+: 
&methyl nicotinamide adenine dinucleotide. 
2. Materials and methods 
Model compounds have been prepared in order to 
ascertain the structures of the NAD + derivatives and 
will not be described here [3]. The 2-methyl-3-cyano- 
pyridine [4] and 6-methyl-3-cyanopyridine (product 
obtained from 6-methyl-3-cyano-2-chloropyridine [5] 
which is in turn synthesised from 6-methyl-3-cyano-2- 
pyridone [6]) are converted to the corresponding 
amide by hydrolysis with Dowex 1 X 8 [7]. The 2-Me 
and 6-Me NAD + are prepared by transglycosidation 
catalysed by the pig brain NAD glycohydrolase 
(Sigma) [8, 9] and purified by five chromatographies 
on Dowex 1 X 2 (200-400 mesh; formate form; 
gradient 0-0.4 N formic acid). 
The efficiency of the separation was checked as 
follows: a mixture containing 18-20% of [4 -3 H] NAD + 
and purified analogue are mixed and chromatographed; 
the purification process is performed until the ultra- 
violet control indicates only one product. The amount 
of NAD ÷ in the 2-Me and 6-Me NAD ÷ determined by 
radioactivity, is less than 0.2%. The ultraviolet data of 
both derivatives are very similar: in 0.1 M potassium 
pyrophosphate buffer pH 7.6 ~kma x = 260 nm (e = 
20 000); in 1M KCN Xma x = 260 nm (e = 15 000); 
~kma x = 332 nm (e = 5000). 
The isoenzymes III, IV and V [10] of the horse 
liver alcohol dehydrogenase w re a generous gift from 
Professor J.P. von Wartburg (Bern) and the dogfish 
lactate dehydrogenase has been kindly provided by 
Dr. P.D.G. Dean (Liverpool). The oxidation of cinn- 
amyl alcohol by the horse liver alcohol dehydrogenase 
has been studied in our laboratory: general conditions: 
cinnamyl alcohol 10 -3 moles/litre, 0.1 M potassium 
pyrophosphate buffer pH 7.6 [ 11 ]. 
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Table 1 
K M and Vma x for the oxidation of cinnamyl alcohol with the 
isoenzymes of the horse liver alcohol dehydrogenase. 
NAD + 2-methyl NAD ÷ 
Isoenzymes KM(10s moles/litre) KM(10s moles/litre) Vmax* 
Ill 4 72 26% 
1V 4 50 5% 
V 10 8.5 50% 
* Relative to the Vma x of NAD ÷ (100%). 
The experimental conditions for the lactate dehy- 
drogenase were: 0.1 M Tris-HC1 buffer, pH 8.8, 
10 -3 M EDTA, 11.4 mM lithium lactate. 
3. Results and discussion 
With ethanol and 2-Me or 6-Me NAD ÷ no activity 
was detected by spectroscopic methods with the al- 
cohol dehydrogenase. The possibility that these anal- 
ogues are not powerful enough oxidising agents due 
to the electron releasing power of the methyl group 
may explain these results. The use of cinnamyl al- 
cohol which is more easely oxidised than ethanol and 
gives cinnamaldehyde strongly absorbing at 290 nm 
(e = 25 000) is a very sensitive way of detection for 
activity of such analogues [ 11 ]. With cinnamyl alcohol 
2-Me NAD + is active and the kinetic constants deter- 
mined by Lineweaver-Burk plot [12] are presented 
in table 1 and fig. 2. The 6-Me NAD + does not show 
any activity with these isoenzymes by using ethanol 
or cinnamyl alcohol. We then undertook an inhibition 
study of oxidation of cinnamyl alcohol with NAD ÷ 
by 6-Me NAD ÷. We did not detect any inhibition with 
the three isoenzymes even at a concentration f 10 -3 
moles/litre of 6-Me NAD ÷. If it is admitted that the in- 
hibition is competitive, the inhibition constant is cer- 
tainly larger than 10 -3 moles/litre. 
For dogfish lactate dehydrogenase, we could not 
find any activity with either analogue. This is most 
probably due to an unfavourable equilibrium and 
since there is no more convenient substrate available, 
we undertook an inhibition study. The 2-Me NAD + 
is a competitive inhibitor K i 1.7 X 10 -3 moles/litre and 
the 6-Me NAD + is a noncompetitive inhibitor K i 
1.7 X 10 -3 moles/litre (see figs. 3 and 4) relative to 
NAD + (K M for NAD ÷ found here: 10 -4 moles/litre; ref. 
[13]: 3 X 10 -4 moles/litre). 
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Fig. 2. Activity of 2-Me NAD ÷ with the three major isoenzymes. 
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Fig. 3. Inhibition study with 2-Me NAD ÷ of the lactate de- 
hydrogenase: (o - - s - - s )  NAD+i ~l--m--m) 3.8 × 10 :-4 
moles/litre inhibitor; (A--A--A)7.6 X 10 -4 moles/litre in- 
hibitor. 
The conformation about the glycosidic bond of 
2-Me and 6-Me NAD ÷ may be safely deduced from 
the results of studies on the conformation of cytidine 
[14] and uridine [14-16] and their C-6 methyl anal- 
ogues [14, 17, 18]. Cytidine and uridine exist in the 
anti conformation i solution [14-16] whereas 6- 
methylcytidine and 6-methyluridine are syn under the 
same conditions [14, 17, 18]. In the crystalline state, 
cytidine isanti [19] and 6-methyluridine syn [20] 
176 
1 
V lO-'(M/L/mn)-' 
/ 
10 .4 I(M/L)-I 
Volume 38, number 2 FEBS LETTERS January 1974 
Fig. 4. Inhibition study with 6-Me NAD ÷ of the lactate de- 
hydrogenase: (o - -o - -o )  NAD+; ( I - - l - -B )  6.5 × 10 -4 
moles/litre inhibitor; (A--A--A) 9.75 × 10 -4 moles/litre in- 
hibitor. 
(same results as in solution). The methyl group leads 
to a complete change in the conformation of the 
glycosidic bond, which probably results from the 
large steric effect of the methyl group compared to 
that of the carbonyl group at C-2 of the pyrimidines. 
The hydrogen being still smaller than the oxygen, the 
methyl group is expected to have a very large effect 
on the orientation of the nicotinamide ring, and so 
2-Me NAD + is in the anti and 6-Me NAD + is the syn 
conformation. 
The binding of 2-Me NAD + to the three major iso- 
enzymes of horse liver alcohol dehydrogenase shown 
by its enzymatic activity, and the very loose binding, 
if any, of 6-Me NAD + to the same enzymes proved by 
the absence of activity, and by the large value of the 
lower limit of the inhibition constant, are in agree- 
ment with the proposal that NAD + is in the anti con- 
formation in the complexes with the three major iso- 
enzymes of horse liver alcohol dehydrogenase: 
For the dogfish lactate dehydrogenase, 2-Me NAD + 
is a competitive inhibitor and 6-Me NAD + a noncom- 
petitive inhibitor for the coenzyme: 2-Me NAD + is 
binding to the NAD + site whereas 6-Me NAD + is not 
binding to this site. From the discussion above, the 
conclusion is that the NAD + is also in the anti confor- 
mation when bound to the dogfish lactate dehydro- 
genase. This conformation has been suggested from 
data of the Rx structure determination for the bound 
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Fig. 5. Relative positions of coenzyme and substrate during 
hydride transfer. 
coenzyme [21, 22]. Both dehydrogenases belong to 
class A: the transfer of the hydrogen from substrate 
to the coenzyme occurs to the re face of the nicotin- 
amide ring. Considering the conformation about the 
glycosidic bond and the stereochemistry of the hy- 
drogen transfer, the position of the substrate relative 
to the other portion of the coenzyme is determined as 
presented in fig. 5. Further study on these two anal- 
ogues with other enzymes are in progress. 
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